dichloromaleic acid from the PCP oxidation was observed by HPLC to be degraded after 12 hours, using Li1c and H 2 O 2 at pH 7 and 25°C. Formation of oxalate was again observed. In short, three successive treatments under ambient conditions of 5 mM TCP with [Et 4 N]1a or Li 2 1b and Li1c, along with H 2 O 2 , converted virtually all of the starting TCP to a mixture of small biodegradable organic acids and CO, CO 2 , and HCl. Two treatments of 5 mM PCP with Li 2 1b and Li1c led, within experimental error, completely to a mixture of small biodegradable organic acids and CO, CO 2 , and HCl.
Complete polychlorinated dibenzodioxin and furan (210 congeners) analyses were performed on the final PCP and TCP reaction mixtures as well as the commercial starting chlorophenols. Detection limits ranged from 120 fg for 2,3,7,8-TCDD to 240 fg for 1,2,3,4,6,7,8-HpCDD. Trace quantities of dioxins and furans already present in the starting commercial PCP and TCP were not increased by the TAML-activated H 2 O 2 destruction process (5, 8) .
The aquatic toxicities of all three Fe-TAML activators used in this study were assayed with a luminescent bacteria test (24) . The median effective concentration (EC 50 ) values for each activator, determined with 1 mM stock solutions, were 238 mg/liter for Li 2 1b, whereas those for [Et 4 N]1a and Li1c were too low to be determined with 1 mM stock solutions. The LONEC values (the highest observed concentrations of activator that show no bacterial death) for [Et 4 N]1a, Li 2 1b, and Li1c were found to be 80, 30, and 58 mg/liter, respectively; the total catalyst concentrations used in this study were approximately 3 mg/liter. The EC 50 and LONEC values of toxic compounds are much lower than those observed for the three Fe-TAML activators (24, 25) . During the course of the reaction, the Fe-TAML activators are themselves oxidatively degraded where we have suggested ideas concerning the mechanism of action of the Fe-TAML activator/H 2 O 2 system (14, 15) . The EC 50 for the oxidation products of Li 2 1b was lower than that of Li 2 1b (26) , and the LONEC value was higher, at 140 mg/liter (30 mg/liter for activator Li 2 1b).
Because of the importance of PCP as a recalcitrant pollutant in ground water, its oxidation was also examined in pure water at pH 7 to approximate conditions in contaminated bodies of water in the environment. In this case, a ϳ75% saturated solution of PCP in water (1.5 mg/25 ml at 25°C) was prepared for treatment ( pH adjusted to 7.0) (21), but full analysis was limited by the relatively low solubility of PCP in neutral water (4 mg/50 ml at 20°C compared with the 67 mg/50 ml used above). We found that 2 M of Li1c in the presence of 5 mM H 2 O 2 at 25°C was required to completely degrade the PCP from the above solution in 1 hour. The adsorption of large functional molecules on surfaces plays a vital role for the emerging field of nanotechnology (1), in particular in areas such as molecular electronics (2), nanodevices (3), and molecular recognition (4). Molecular ordering is, in general, controlled by a detailed balance between intermolecular noncovalent binding forces and moleculesubstrate interactions (5, 6) . It has been inferred that complex molecules such as hexatert-butyl decacyclene (7, 8) , C 60 (9, 10) , and phthalocyanine (11) can induce restructuring of metal surfaces accompanied by long-range mass transport. The restructuring is often driven by cooperative molecule-substrate interactions involving many molecules, and is not directly related to the shape of individual molecules. In this context, the scanning tunneling microscope (STM) has become a powerful tool for resolving the atomic-scale realm of surfaces. The STM tip can also be employed to manipulate single atoms and molecules in a bottom-up fashion, collectively (12) or one at a time (13) (14) (15) (16) . In this way, moleculeinduced surface restructuring was revealed directly (7, 8) and nanostructures were engineered with atomic precision to study fundamentally interesting surface quantum phenomena (14, 16) . Assembling functional molecular nanoelectronic devices with this serial manipulation approach is, however, extremely slow and thus technologically unattractive.
Self-assembly of molecules on surfaces, on the other hand, is a parallel and therefore technologically more promising process (17) . For this reason, the interaction between complex organic molecules and crystal surfaces has recently been the subject of many studies, with the aim of developing applications in nanoelectronics and nanomechanical devices (18) (19) (20) (21) (22) (23) . Presently, however, it is still not possible to control self-assembly processes with atomic-scale precision. Ideally, to create functional mono-molecular or hybrid-molecular devices, it is necessary to develop an architecture for the interconnection of individual molecules, molecular devices, and wires in a planar conformation and with atomic precision to one end of nanoscale metallic contacts (2) . In spite of the latest developments in the field of nanolithography (24), it has not yet been possible to create appropriate nanocontacts in an ultraclean environment more structured than a step edge (25, 26) .
We studied the adsorption of a C 90 H 98 molecule, known as the Lander (25), on a clean Cu(110) surface (27) . At room temperature (RT), Cu kink atoms are highly mobile, as evidenced from the frizzy appearance of step edges in STM images (28) . At low temperatures (LT), on the other hand, this mobility is frozen out, resulting in static step edges.
The Lander molecule consists of a conducting board (-system) and four spacer legs that elevate the board from the substrate, with the aim of electronically isolating it from the surface (Fig. 1A) . The conformation and anchoring of the molecules on the Cu(110) surface are studied on the atomic scale by variable temperature STM (27, 29) .
By manipulating individual molecules at LT, surprisingly, we find that a single Lander molecule can act as a template, self-fabricating metallic nanostructures at step edges. This restructuring process can be described in terms of the structure of the molecule, which reshapes a portion of the step edge, leading to the formation of a nanostructure two Cu atoms wide and eight Cu atoms long.
In Fig. 1 , D and E, we present a LT (100 K), high-resolution STM image of a single Lander molecule deposited on the Cu(110) surface and a corresponding height profile (Fig. 1B) across the molecule. The STM images a Lander as four lobes arranged in either a rhomboidal or rectangular geometry. From the structure of the molecule and elastic scattering quantum chemistry (ESQC) calculations (30), we infer that the four lobes in the images correspond to tunneling through the spacer legs of the molecule. The two different molecular shapes found in the STM images in turn correspond to the two possible geometrical conformations of the molecule on the surface, one with the four legs arranged parallel and the other with its legs antiparallel to each other (Fig. 1) .
Upon submonolayer deposition of the Lander at RT, the molecules adsorb on the surface and diffuse toward step edges, as shown in Fig. 2A . To investigate in detail the anchoring of the molecules on the surface, STM manipulation experiments were performed at temperatures ranging from 100 to 200 K on isolated molecules adsorbed on step edges, that had been deposited at RT. We used the STM tip as a tool to push the molecules away from the step edge in a gentle manner. The manipulation is obtained by reducing the resistance in the STM tunneling junction by about two orders of magnitude, from 5 gigaohms to about 0.05 gigaohms (by either increasing the tunneling current or reducing the tunneling voltage, or both), corresponding to a tip/surface approach of about 0.2 nm. By controlling the precise tip position, we are able to manipulate individual molecules one at a time along a predefined path, leaving the rest of the scan area unperturbed.
Surprisingly, such manipulation of individual molecules reveals an underlying restructuring of the monoatomic Cu steps induced by the docked molecules. A manipulation sequence is shown in Fig. 2 , A through D, in which two neighboring molecules are removed from the step edge [neighbors in (A) and (C)]. A "tooth-like" metal nanostructure appears at the site where the molecules were previously attached [attachment sites in (B) and (D)]; a zoom-in with atomic resolution is shown in Fig. 2E . We can rule out that the tooth-like structures are induced by the STM tip, because no such structures are formed when we perform exactly the same manipulation at a step region where no molecules were present initially (31). A statistical analysis of the tooth-like nanostructure's width and length ( performed on about 100 structures) yields 0.75 Ϯ 0.05 nm (this corresponds approximately to the distance between opposite legs within a Lander) and 1.85 Ϯ 0.35 nm (whereas the Lander is 1.7 nm long), respectively. This corresponds to a width of two atomic Cu rows aligned along the close-packed [ direction, with a length of seven Cu atoms along the same direction.
Height profiles measured across the Lander molecules just before and after the manipulation sequences show that the molecules undergo a conformational change during the manipulation. Remarkably, the distances between the four lobes across the nanotooth decrease from 0.85 Ϯ 0.25 nm in the initial configuration, in which the molecule is attached to the step edge, to 0.60 Ϯ 0.25 in the final one, in which the molecules are moved to a flat Cu(110) terrace. In the same way, the apparent height of the molecules in the STM images decreases from 0.58 Ϯ 0.02 to 0.45 Ϯ 0.02 nm.
To obtain further insight into the conformational changes of the molecules, we first address how the different conformations of the molecules on the flat terrace are imaged by the STM. For the calculations, the ESQC routine was used together with a standard MM2 routine (30, 32) to optimize the structural rigidity and conformations of the Lander molecules on the Cu(110) terraces and on the step edges. The calculations include electronic coupling with the substrate as well as the leakage current through the four spacer legs.
In Fig. 1 , we present a calculated STM image of an isolated molecule on the flat Cu(110) terrace (Fig. 1C) as well as a line scan across the molecule (Fig. 1B) , using tunneling parameters identical to the experimental ones. The agreement between theory and experiment is very good, allowing for the fact that the tip used in the simulations was atomically sharp, thereby avoiding tip convolution effects. The contrast in the STM images is mainly associated with the tunnel channels through the four spacer legs, and the molecular orbitals of the wire do not contribute to this contrast (33). The molecular central board is strongly attracted to the surface because of the large -system facing the metal surface (34). This introduces a severe constraint on the legs, which leads to an out-of-plane distortion of each leg-board sigma bond. In turn, this has the effect of lowering the height of the legs relative to the surface.
We now focus on the molecules anchored to the tooth-like nanostructure at the step edge. From the theoretical calculations, the conformation with the Lander wire parallel to the Cu rows on the tooth is found to be more stable by 19 kcal/mol, as opposed to the conformation with the board oriented perpendicular to the nanostructure. We present in Fig. 3A the lowest energy conformation of the molecule adsorbed at the step edge on a tooth-like nanostructure consisting of two Cu rows along the [11 0] direction, together with the calculated STM image (Fig. 3B) . Comparing the calculated scans across the Lander on a flat terrace (Fig. 3D ) and on the tooth (Fig. 3C ) with experimental results, we conclude that the molecule restores a more vertical conformation of the legs when adsorbed on the tooth compared to its conformation on the flat terrace. The leg-board sigma bond almost restores its planarity relative to the board, because when the Lander is on the tooth, its central board is lifted up by more than 0.1 nm relative to the surface. This reduces the steric constraint existing on the leg-board sigma bond, leading to an increased width (0.83 versus 0.63 nm) and height (0.50 versus 0.45 nm) of the Lander in the STM image, in good agreement with the experimental findings (34).
The overall process for anchoring a Lander molecule to the Cu nanostructure can therefore be described as follows: When the molecule diffuses toward the step edges at RT, it reshapes the fluctuating Cu step adatoms into the tooth-like nanostructures reported above. It is favorable for the Lander to anchor to the nanostructure at the step edge, because the gain in energy by adsorbing the molecule on the "tooth" relative to the flat terrace is higher than the energy required for creating the tooth (35). The dimension of the board and leg fits such that two atomic rows can be accommodated between the legs under the board. This leads to a favorable interaction between the -system and the Cu atoms underneath. The dimensions and shape of the molecule form a perfect template for the double row of Cu atoms. The nanostructure can often extend further than the length of the molecule. This action takes place in the direction perpendicular to the steps (i.e., the close-packed direction), which is the favored direction for diffusion on Cu(110).
Upon adsorption of the molecules at LT (150 K), no restructuring of the Cu step edges is observed, and the molecules simply anchor to a step edge. At LT, the mobility of Cu kink atoms at the step edge is not high enough for the template to be effective. We can thus conclude that the process of step restructuring is thermally activated.
In conclusion, we have shown by STM manipulation that the Lander molecule locally restructures monoatomic steps, acting as a pinning center for step edge fluctuations on the Cu(110) surface. The Lander acts as a molecular template, reshaping portions of step edges into metallic nanostructures that are two atomic rows wide. Using appropriately designed molecules, this points to a new self-fabrication process at the nanoscale for integrated nanoelectronics. conformation of the molecules during the manipulation process, we checked the internal distances of a great number of molecules (Ͼ100) lying on bare terraces. The values found are consistent with the ones obtained from manipulated molecules, and we therefore rule out the possibility that the conformational change may be induced by the STM tip. 32. Our ESQC routine is based on the calculation of the full scattering matrix of the STM tunnel junction. The description of this junction encompasses the surface, the adsorbate, the tip apex, and both the bulk material supporting the tip apex and the surface. Whatever the tip apex position is, 695 molecular orbitals are used to describe the electronic properties of the junction with the Lander positioned under the tip apex. The surface atoms and the Lander are described taking into account all valence molecular orbitals. Electronic interactions inside the junction are calculated using a semi-empirical Extended Hückel approximation with a double zeta basis set, in order to properly reproduce the tip apex wave function in space away from the tip apex end atom. The molecular mechanics routine used to optimize the Lander's geometry in the tunnel junction is a standard MM2 routine with a generalized potential for surface metal atoms. 33. A detailed analysis of the STM images reveals an asymmetry in the relative apparent height of the four lobes, i.e., the lobes R, RЈ are imaged 0.03 nm higher than the lobes S, SЈ. From the calculations, we infer that the two smaller lobes (S, SЈ in Fig. 1 , B and C) are due each to a tunneling path through one leg only, whereas the two larger lobes (R, RЈ in Fig. 1 The strontium-to-calcium ratio (Sr/Ca) of reef coral skeleton is commonly used as a paleothermometer to estimate sea surface temperatures (SSTs) at crucial times in Earth's climate history. However, these estimates are disputed, because uptake of Sr into coral skeleton is thought to be affected by algal symbionts (zooxanthellae) living in the host tissue. Here, we show that significant distortion of the Sr/Ca temperature record in coral skeleton occurs in the presence of algal symbionts. Seasonally resolved Sr/Ca in coral without symbionts reflects local SSTs with a temperature sensitivity equivalent to that of laboratory aragonite precipitated at equilibrium and the nighttime skeletal deposits of symbiotic reef corals. However, up to 65% of the Sr/Ca variability in symbiotic skeleton is related to symbiont activity and does not reflect water temperature.
Accurate estimates of past ocean temperature are key to establishing the sensitivity of the tropics to global climate change (1-4) . One of the principal techniques used to derive past SSTs is the measurement of Sr/Ca ratios in the aragonite skeleton of massive reef corals (5) (6) (7) (8) . The technique is based on an inverse correlation between temperature and Sr/Ca in living corals that is applied to ancient specimens to reconstruct surface temperatures of past oceans. High measurement precision (8) and rapid sample throughput (9) afforded by recent technological advances have increased the appeal and utility of the Sr/Ca thermometer. Despite its wide application, paleotemperature estimates derived from coral Sr/Ca remain controversial (10, 11) . At least nine different Sr/Ca paleotemperature equations have been published for the massive reef coral Porites. Among them, a Sr/Ca value of 9 mmol/mol yields a range of SSTs from 22.5°C through 28°C (8, 12-19 ). There are 
